Pulsed acoustic cellular expression as a protective therapy against I/R injury in a cremaster muscle flap model.
Tissue ischemia and reperfusion (I/R) affects blood flow restoration and oxygen delivery to the damaged tissues contributing to tissue morbidity and microcirculatory compromise. Pulsed acoustic cellular expression (PACE) technology is known to support tissue neovascularization. The aim of this study was to test PACE conditioning mechanism of action on microcirculatory hemodynamics in ischemia-reperfusion injury model. 34 rat cremaster muscle flaps were monitored under intravital microscopy system in 4 experimental groups: 1) non-ischemic controls (n=10), 2) 5h ischemia without conditioning (n=8), 3) pre-ischemic (5h) PACE conditioning (n=8), 4) post-ischemic (5h) PACE conditioning (n=8). Standard microcirculatory hemodynamics of RBC velocity, vessel diameters and functional capillary perfusion were recorded for 2h after I/R. Immunohistochemistry assessed expression of proangiogenic factors: VEGF and vWF, whereas real-time PCR assessed proangiogenic (VEGF, eNOS) and proinflammatory factors (iNOS; chemokines: CCL2, CXCL5 and chemokine receptor CCR2). Pre-ischemic PACE conditioning (group 3) resulted in increased RBC velocity of second (A-2) and third order arterioles (A-3) and venule (V-1) by 40%, 15% and 24% respectively comparing to ischemic group without conditioning (p<0.05). Post-ischemic PACE conditioning (group 4) revealed: 1) increase in RBC velocity in second (A-2) and third order arterioles (A-3) by 65% and 31% respectively comparing to ischemia without conditioning (group 2), 2) 33% increase in first order arterioles diameter (A-1) (p<0.05) compared to ischemic controls, 3) 21% increase in number of functional capillaries compared to ischemia without conditioning (group 2) (P<0.05). Immunostaining assays showed that PACE postconditioning up-regulated proangiogenic factors vWF and VEGF protein expression. This correlated with increased gene expression of VEGF (up to 180%). In contrast, gene expression of proinflammatory factors (iNOS, CCL2, CXCL5) decreased compared to ischemic controls. Pre-ischemic PACE conditioning decreased gene expression of proinflammatory chemokines (CCL2 and CXCL5), compared to ischemic controls without conditioning. As expected 5h ischemia resulted in deterioration of microcirculatory hemodynamics confirmed by decreased vessels diameters and RBC velocities. This was alleviated by pre- and post-ischemic PACE conditioning which improved functional capillary density and stimulated angiogenesis as confirmed by up-regulated VEGF expression. Furthermore, post-ischemic PACE conditioning correlated with decreased expression of early proinflammatory factors (iNOS, CCL2, CXCL5). Both types of PACE conditioning ameliorated deleterious effect of ischemia-reperfusion injury on microcirculatory hemodynamics of muscle flaps.